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n The folding pathway of a protein at high resolution from
microseconds to seconds. Bengt Nölting, Ralph Golbik,
José L Neira, Andrés S Soler-Gonzalez, Gideon Schreiber
and Alan R Fersht. Proc. Natl Acad. Sci. USA 94,
826–830.
In this paper, the authors provide for the first time structural
information about the folding events occurring in the
microsecond range. To do so they have used the protein
engineering method in combination with T-jump on the
protein barstar. The experimental data show how, in the
transition state for the formation of the folding intermediate, a
nucleus is partially formed about α-helix 1. This α-helix by
itself is only marginally stable, so it needs to establish tertiary
contacts in order to be folded. Therefore, it seems that
formation of secondary and tertiary structure in barstar is loosely
coupled. These results support the general
nucleation–condensation model proposed by Fersht and co-
workers, which seems to apply to a large number of proteins,
including barnase, barstar, CI-2, CheY, SH3 and Ada2H.
4 February 1997. Proceedings of the National Academy of
Sciences USA.
n Protein folding funnels: the nature of the transition state
ensemble. José Nelson Onuchic, Nicholas D Socci, Zaida
Luthey-Schulten and Peter G Wolynes. Fold. Des. 1,
441–450; 1359-0278-001-00441.
Energy landscape theory predicts that the folding funnel for a
small fast-folding α-helical protein will have a transition state
half-way to the native state. This barrier arises from an entropic
bottleneck for the folding process. In keeping with the
experimental results, lattice simulations based on the folding
funnel description show that the transition state is not just a
single conformation, but rather an ensemble of a relatively large
number of configurations that can be described by specific
values of one or a few order parameters (e.g. the fraction of
native contacts). Analysis of this transition state or bottleneck
region from the authors lattice simulations and from atomistic
models for small α-helical proteins by Boczko and Brooks
indicates a broad distribution for native contact participation in
the transition state ensemble centered around 50%.
Importantly, however, the lattice-simulated transition state
ensemble does include some particularly hot contacts, as seen
in the experiments, which have been termed by others a
folding nucleus. This bottleneck may be thought of as a
collection of delocalized nuclei where different native contacts
will have different degrees of participation. The agreement
between the experimental results and the theoretical
predictions provides strong support for the landscape analysis.
13 November 1996. Folding & Design.
n From Levinthal to pathways to funnels. Ken A Dill and
Hue Sun Chan. Nat. Struct. Biol. 4, 4–5.
A new view of protein folding kinetics replaces the idea of
‘folding pathways’ with the broader notions of energy
landscapes and folding funnels. In the new view, folding is seen
as a parallel flow process of an ensemble of chain molecules. In
the metaphor of energy landscapes, folding is seen as more like
the trickle of water down mountain-sides of complex shapes,
and less like the flow through a single gulley. In a nutshell, the
new view puts more emphasis on ensembles and multiple
folding routes and less emphasis on specific structures and
pathways.
January 1997. Nature Structural Biology.
n Inter-residue potentials in globular proteins and the
dominance of highly specific hydrophilic interactions at
close separation. Ivet Bahar and Robert L Jernigan. J. Mol.
Biol. 266, 195–214.
Residue-specific potentials between pairs of sidechains and
pairs of sidechain–backbone interaction sites have been
generated by collecting radial distribution data for 302 protein
structures. Multiple atomic interactions have been utilized to
enhance the specificity and smooth the distance-dependence of
the potentials. The potentials are demonstrated to successfully
discriminate correct sequences in inverse folding experiments.
Many specific effects are observable in the nonbonded
potentials; grouping of residue types is inappropriate, since
each residue type manifests some unique behavior. Only a
weak dependence is seen on protein size and composition.
Effective contact potentials operating in three different
environments (self, solvent-exposed and residue-exposed) and
over any distance range are presented. The effective contact
potentials obtained from the integration of radial distributions
over the distance interval r<=6.4 Å are in excellent agreement
with published values. The hydrophobic interactions are
verified to be dominantly strong in this range. Comparison of
these with a newly derived set of effective contact potentials for
closer inter-residue separations (r<=4.0 Å) demonstrates drastic
changes in the most favorable interactions. In the closer
approach case, where the number of pairs with a given residue
is approximately one, the highly specific interactions between
charged and polar sidechains predominate.
14 February 1997. Journal of Molecular Biology.
n MONSSTER: a method for folding globular proteins with
a small number of distance restraints. Jeffrey Skolnick,
Andrzej Kolinski and Angel R Ortiz. J. Mol. Biol. 265,
217–241.
The MONSSTER (modeling of new structures from secondary
and tertiary restraints) method for folding of proteins using a
small number of long-distance restraints (which can be up to
seven times less than the total number of residues) and some
knowledge of the secondary structure of regular fragments is
described. The method employs a high-coordination lattice
representation of the protein chain that incorporates a variety of
potentials designed to produce protein-like behaviour. These
include statistical preferences for secondary structure, sidechain
burial interactions, and a hydrogen-bond potential. Using this
algorithm, several globular proteins (1ctf, 2gbl, 2trx, 3fxn, 1mba,
1pcy and 6pti) have been folded to moderate-resolution native-
like compact states. For example, the 68-residue 1ctf molecule
having 10 loosely defined long-range restraints was
reproducibly obtained with a Cα-backbone RMSD from native
of about 4 Å. Possible applications of the proposed approach to
the refinement of structures from NMR data, homology model-
building and the determination of tertiary structure when the
secondary structure and a small number of restraints are
predicted are briefly discussed.
17 January 1997. Journal of Molecular Biology.
n Protein clefts in molecular recognition and function.
Roman A Laskowski, Nicholas M Luscombe, Mark B
Swindells and Janet M Thornton. Protein Sci. 5,
2438–2452.
One of the primary factors determining how proteins interact
with other molecules is the size of clefts in the protein’s surface.
In enzymes, for example, the active site is often characterized
by a particularly large and deep cleft, while interactions
between the molecules of a protein dimer tend to involve
approximately planar surfaces. Here, the authors present an
analysis of how cleft volumes in proteins relate to their
molecular interactions and functions. Three separate datasets
are used, representing enzyme–ligand binding, protein–protein
dimerization and antibody–antigen complexes. The authors
find that, in single-chain enzymes, the ligand is bound in the
largest cleft in over 83% of the proteins. Usually the largest cleft
is considerably larger than the others, suggesting that size is a
functional requirement. Thus, in many cases, the likely active
sites of an enzyme can be identified using purely geometrical
criteria alone. In other cases, where there is no predominantly
large cleft, chemical interactions are required for pinpointing
the correct location. In antibody–antigen interactions the
antibody usually presents a large cleft for antigen binding. In
contrast, protein–protein interactions in homodimers are
characterized by approximately planar interfaces with several
clefts involved. However, the largest cleft in each subunit still
tends to be involved.
December 1996. Protein Science.
n Conformational analysis and clustering of short and
medium size loops connecting regular secondary
structures: a database for modeling and prediction. Luis
E Donate, Stephen D Rufino, Luc HJ Canard and Tom L
Blundell. Protein Sci. 5, 2600–2616.
Loops are regions of nonrepetitive conformation connecting
regular secondary structures. The authors identified 2024 loops
of 1–8 residues in length, with acceptable mainchain bond
lengths and peptide bond angles, from a database of 223 protein
and protein-domain structures. Each loop is characterized by its
sequence, mainchain conformation, and relative disposition of
its bounding secondary structures as described by the
separation between the tips of their axes and the angle between
them. Loops, grouped according to their length and type of
their bounding secondary structures, were superposed and
clustered into 161 conformational classes, corresponding to 63%
of all loops. The relative disposition of bounding secondary
structures varies among loop classes, with some classes such as
β-hairpins being very restrictive. For each class, sequence
preferences as key residues were identified; those most
frequently at these conserved positions in proteins were Gly,
Asp, Pro, Phe, and Cys. Most of these residues are involved in
stabilizing loop conformation, often through a positive φ
conformation or secondary structure capping. Identification of
helix-capping residues and β-breakers among the highly
conserved positions supported the decision of the authors to
group loops according to their bounding secondary structures.
Several of the identified loop classes were associated with
specific functions, and all of the member loops had the same
function. A significant number, but not all, of the member loops
of other loop classes had the same function, as is the case for
the helix-turn-helix DNA-binding loops. This article provides a
systematic and coherent conformational classification of loops,
covering a broad range of lengths and all four combinations of
bounding secondary structure types, and supplies a useful basis
for modelling of loop conformations where bounding secondary
structures are known or reliably predicted.
December 1996. Protein Science.
n Trigger factor associates with GroEL in vivo and
promotes its binding to certain polypeptides. Olga
Kandror, Michael Sherman, Richard Moerschell and Alfred L
Goldberg. J. Biol. Chem. 272, 1730–1734.
Trigger factor (TF) is a putative molecular chaperone recently
found to function together with GroEL in the degradation of
the fusion protein, CRAG. TF overproduction enhanced the
ability of GroEL to form complexes with CRAG, as well as
fetuin or histone. To define further this effect on GroEL
binding, affinity columns containing a variety of denatured
proteins were used. When cell extracts were applied onto a
fetuin column, both TF and GroEL were bound but not
GroES. Upon ATP addition, TF and GroEL eluted together
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and remained tightly associated (even in the presence of
GroES) in complexes containing one TF per GroEL 14-mer.
Over production of TF enhanced the capacity of GroEL to
bind to many denatured proteins. Moreover, GroEL–TF
complexes isolated from such cells showed much greater
binding capacity than GroEL from TF-deficient cells.
Furthermore, the addition of pure TF to pure GroEL also
enhanced markedly its binding capacity. The affinity of GroEL
for CRAG also rises during heat shock due to GroEL
phosphorylation. TF expression, however, did not promote
GroEL phosphorylation. Moreover, heat shock and TF
overproduction affected GroEL binding to other denatured
polypeptides in distinct ways; only TF promoted binding to
certain polypeptides, whereas only phosphorylation increased
binding to others. Thus, association with TF and
phosphorylation are independent regulators of GroEL function.
This enhanced affinity of GroEL–TF complexes for unfolded
proteins may also be important in protein folding, because TF
has prolyl isomerase activity and associates with nascent
polypeptides.
17 January 1997. Journal of Biological Chemistry.
n Chaperone activity and structure of monomeric
polypeptide binding domains of GroEL. Ralph Zahn,
Ashley M Buckle, Sarah Perrett, Christopher M Johnson,
Fernando J Corrales, Ralph Golbik and Alan R Fersht. Proc.
Natl Acad. Sci. USA 93, 15024–15029.
The chaperonin GroEL is a large complex composed of 14
identical 57 kDa subunits that requires ATP and GroES for
some of its activities. The authors find that a monomeric
polypeptide corresponding to residues 191–345 has the activity
of the tetradecamer both in facilitating the refolding of
rhodanese and cyclophilin A in the absence of ATP and in
catalyzing the unfolding of native barnase. Its crystal structure,
solved at 2.5 Å resolution, shows a well ordered domain with
the same fold as in intact GroEL. The authors have thus
isolated the active site of the complex allosteric molecular
chaperone, which functions as a ‘minichaperone’. This has
mechanistic implications: the presence of a central cavity in the
GroEL complex is not essential for those representative
activities in vitro, and neither are the allosteric properties. The
function of the allosteric behaviour on the binding of GroES
and ATP must be to regulate the affinity of the protein for its
various activities in vivo, where the cavity may also be required
for special functions.
24 December 1996. Proceeding of the National Academy of
Sciences USA.
n Functional specificity among Hsp70 molecular
chaperones. Philip James, Christine Pfund and Elizabeth
Craig. Science 275, 387–389
Molecular chaperones of the 70 kDa heat shock protein
(Hsp70) class bind to partially unfolded polypeptide substrates
and participate in a wide variety of cellular processes.
Differences in peptide-binding specificity among Hsp70s have
led to the hypothesis that that peptide binding determines
specific Hsp70 functions. Protein domains were identified that
were required for two separate functions of a yeast Hsp70
family. The peptide-binding domain was not required for either
of these specific Hsp70 functions, which suggests that peptide-
binding specificity plays little or no role in determining Hsp70
functions in vivo.
17 January 1997. Science.
n Chemical chaperones interfere with the formation of
scrapie prion protein. Jörg  Tatzelt, Stanley B Prusiner and
William J Welch. EMBO J. 15, 6363–6373.
The fundamental event in prion diseases involves a
conformational change in one or more of the α-helices of the
cellular prion protein (PrPC) as they are converted into β-sheets
during the formation of the pathogenic isoform (PrPSc). Here,
the authors show that exposure of scrapie-infected mouse
neuroblastoma (ScN2a) cells to reagents known to stabilize
proteins in their native conformation reduces the rate and
extent of PrPSc formation. Such reagents include the cellular
osmolytes glycerol and trimethylamine N-oxide (TMAO) and
the organic solvent dimethylsulfoxide (DMSO), which the
authors refer to as ‘chemical chaperones’ because of their
influence on protein folding. Although the chemical chaperones
did not appear to affect the existing population of PrPSc
molecules in ScN2a cells, they did interfere with the formation
of PrPSc from newly synthesized PrPC. It is suggested that the
chemical chaperones act to stabilize the α-helical conformation
of PrPC and thereby prevent the protein from undergoing a
conformational change to produce PrPSc. These observations
provide further support for the idea that prions arise due to a
change in protein conformation and reveal potential strategies
for preventing PrPSc formation.
2 December 1996. EMBO Journal.
n Mechanism of chaperonin action: GroES binding and
release can drive GroEL-mediated protein folding in the
absence of ATP hydrolysis. Manajit K Hayer-Hartl, Frank
Weber and F Ulrich Hartl. EMBO J. 15, 6111–6121.
As a basic principle, assisted protein folding by GroEL has been
proposed to involve the disruption of misfolded protein
structures through ATP hydrolysis and interaction with the
cofactor GoES. Here, the authors describe chaperonin
subreactions that prompt a re-examination of this view. They
find that GroEL-bound substrate polypeptide can induce
GroES cycling on and off GroEL in the presence of ADP. This
mechanism promotes efficient folding of the model protein
rhodanese, although at a slower rate than in the presence of
ATP. Folding occurs when GroES displaces the bound protein
into the sequestered volume of the GroEL cavity. Resulting
native protein leaves GroEL upon GroES release. A single-ring
variant of GroEL is also fully functional in supporting this
reaction cycle. The authors conclude that neither the energy of
ATP hydrolysis nor the allosteric coupling of the two GroEL
rings is directly required for GroEL/GroES-mediated protein
folding. The minimal mechanism of the reaction is the binding
and release of GroES to a polypeptide-containing ring of
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GroEL, thereby closing and opening the GroEL folding cage.
The role of ATP hydrolysis is mainly to induce conformational
changes in GroEL that result in GroES cycling at a
physiologically relevant rate.
15 November 1996. EMBO Journal .
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Current articles of interest to
readers of Folding & Design
A selection of dispatches and other review articles
published in other journals from Current Biology Ltd.
Selected by the staff of Folding & Design.
A good turn for DNA: the structure of integration
host factor bound to DNA [Minireview]. Tom
Ellenberger and Arthur Landy (1997). Structure 5,
153–158.
New structure – novel fold? [Ways & Means].
Liisa Holm and Chris Sander (1997). Structure 5,
165–172.
Role REVersal: understanding how RRE RNA
binds its peptide ligand [Minireview]. Dilara Grate
and Chuck Wilson (1997). Structure 5, 7–12.
A new class of models for computing
receptor–ligand binding affinities [Crosstalk].
Michael K Gilson, James A Given and Martha S
Head (1997). Chemistry & Biology 4, 87–92.
Variety is the spice of life: Affymax N.V.
[Innovations]. William A Wells (1997). Chemistry &
Biology 4, 79–80.
Signal transduction: Splicing together the
unfolded-protein response [Dispatch]. Caroline E
Shamu (1997). Current Biology 7, R67–R70.
Mitochondrial biogenesis: The Tom and Tim
machine [Dispatch]. Nikolaus Pfanner and Michael
Meijer (1997). Current Biology 7, R100–R103.
T-cell receptors: Feeling out the complex
[Dispatch]. Eduardo A Padlan and David H
Margulies (1997). Current Biology 7, R17–R20.
Mass spectrometry in protein studies from
genome to function [Review]. Peter Roepstorff
(1997). Current Opinion in Biotechnology 8, 6–13.
Fluorescence spectroscopy as a tool to
investigate protein interactions [Review]. Martha
P Brown and Catherine Royer (1997). Current
Opinion in Biotechnology 8, 45–49.
Seven reviews on Folding and binding in the
February issue (No 1) of Current Opinion in
Structural Biology (1997), 7, 1–71. Edited by
Christopher M Dobson and Oleg B Ptitsyn.
Seven reviews on Protein–nucleic acid
interactions in the February issue (No 1) of Current
Opinion in Structural Biology (1997), 7, 73–134.
Edited by Daniela Rhodes and Stephen K Burley.
